The protein profile of five species of achatinid snails (Archachatina marginata (Swainson, 1821), Achatina achatina (Linnaeus, 1758), Achatina fulica (Bowdich, 1822), Archachatina papyracea (Pfeiffer, 1845) and an unidentified snail species) from some parts of southern and north-central states of Nigeria was used to examine the level of genetic similarity between them and also to show whether the eight populations of Archachatina marginata studied contained sub-populations. Each of the species examined was found to have unique protein bands while the protein banding patterns of the eight populations of A. marginata showed six of the populations being taxonomically distinct because they had unique protein bands. The cluster analysis of the A. marginata samples produced two sub-species which showed geographical separation of the species. This may depict a relationship between total protein and ecological adaptation. However, there was better resolution of the protein band patterns using relative mobility of bands. The presence of common bands among the species and the eight populations of A. marginata may depict an evidence of evolutionary origin of the species studied.
INTRODUCTION
The family Achatinidae consists of land snails containing about thirteen genera including Achatina (Linnaeus, 1758) and Archachatina (Swainson, 1821) which are native to Africa (Raut and Barker, 2002) . They are very important protein source and are served as delicacies in south-western part of Nigeria. Classification within the group is based on conchological features (Bequaert, 1950 ) and the highly variable reproductive tract (Mead, 1991) . Molluscs like many other invertebrates are poorly known because relationships between them are not clear while their taxonomic inferences are often hindered by a lack of morphological diversification between different lineages, as occurs in different cryptic species or species showing overlapping variability (Elejalde et al., 2008) .
Various biochemical differences between populations have proved valuable aids in determining taxonomic relationships. Gottlieb (1971) stated that electrophoresis has the advantage of showing that variation in band patterns can directly be equated to variation in genes coding for various proteins. Several workers have underscored the importance of protein electrophoresis in elucidating level of similarity between populations of snails. Miyazaki et al. (1988) employed a two-dimensional electrophoresis method to compare the total protein components of two types (large and small forms) of the same species of land snail Tyrannophaedusa (Luchuphaedusa) ophiodoon (family Clausiliidae) and reported that there was a close relationship between the two forms based on the similarity of their protein band patterns. Diupotex-Chong et al. (2007) analyzed total proteins of Pomacea snails (Ampullaridae) to differentiate between Pomacea flagellata and P. patula catemacensis. The report showed that there were differences in the number of bands produced by the two species and that population of P. flagellata did not cluster according to any geographical pattern and was therefore not providing any taxonomically useful information.
Using disc-gel SDS-PAGE electrophoresis the protein profile of five species of achatinid snails was examined during the present study. The species studied were Achatina achatina (Linnaeus, 1758), Achatina fulica (Bowdich, 1822), Archachatina marginata (Swainson, 1821) , Archachatina papyracea (Pfeiffer, 1845) and an unidentified species across three different vegetation zones of Nigeria with a view to showing their level of genetic similarity and also to see whether the eight populations of A. marginata studied contained sub-species or not. Figure 1 is the map of the study area showing the sampling sites. Samples were taken from three vegetation zones: the rainforest (this included the lowland rainforest of Edo State and the South-west), derived savanna, and guinea savanna of Nigeria. The vegetation varied from rainforest to savanna (Happold, 1987) . The annual rainfall ranged from 1,000 mm to 2500 mm (Salako, 2007) . Specimens of A. marginata were collected alive from eight locations (Table 1 and Figure  1 ). The other species (A. achatina, A. fulica, A. papyracea and one unidentified species) were collected from locations as shown in Table 1 over the same study period. The identification of the land snails was carried out according to Bequaert (1950) and Mead (1995) .
MATERIALS AND METHODS Sampling and collection sites

Homogenization of tissue
Homogenization of the same weight (1.5 g) of hepatopancreas of the snails was carried out in 0.2 M Phosphate buffer (pH 7.0) containing 0.15 M NaCl and 0.01% Phenylmethylsulfonyl fluoride, which served as protease inhibitor. The homogenate was centrifuged at 25,000 rpm. The clear supernatant was removed and used as the crude protein sources.
Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
In the presence of Sodium Dodecyl Sulphate, disc gel electrophoresis was performed on various samples on 7.5% separating gel and 4.5% stacking gel as described by Weber and Osborn (1975) using the SDS-Tris-glycine buffer system at pH 8.8. A volume of 0.1ml of the sample was added to 0.9 ml of sample buffer (0.01 M Tris-HCl, 1% SDS, 1% β-mercaptoethanol, pH 7.2) and boiled for 5 mins in a boiling water bath. It was then allowed to cool to room temperature. Glycerol (2 drops) and 5 µl of tracking dye (0.2% Bromophenol blue) were added to the boiled sample. 50 µl of the sample solution was layered on the stacking gel.
Electrophoresis was carried out at room temperature at a constant current of 1 mA/gel during stacking and 3 mA/gel during actual separation. The gels were stained in the staining solution made up of Coomassie Brilliant Blue R-250 (1.25g), 227ml methanol, 46 ml glacial acetic acid and distilled water to make a total volume of 500 ml. The gels were destained in the destaining solution consisting of 5% methanol and 7.5% glacial acetic acid in distilled water.
Protein data analysis
The protein band patterns of the 12 populations studied were scored (manually for presence or absence of bands). Only reproducible and valuable bands were scored. The data were subjected to Jaccard cluster algorithm using the statistical software PAST (Hammer et al., 2006) . This was employed to determine the similarity coefficient of the protein banding patterns. Furthermore, the relative band mobility of the protein banding patterns was also studied to ensure better and additional understanding of the protein distances and their relationships. This was done by measuring the relative distances of the bands to analyze the common and unique bands. Figure 3 show the protein gel electrophoretic bands and electrophoregrams of the four different species (A. achatina, A. fulica, A. papyracea and one unidentified species) and eight populations of the fifth species (A. marginata) of land snails. An examination of these patterns revealed distinct quantitative and qualitative intra and inter-specific variation in terms of the numbers, position and intensity of stain (very thick, thick, faintly thick, faint and very faint) of the bands. All the individuals examined produced varying number of bands. In all, eighty two bands were produced by the individuals sampled. Majority of the bands were similar in their position on the gel. However there are a few peculiar bands. Table  2 shows the number of peculiar bands in each sample. These bands are distributed as follows:
RESULTS
Figure 2 and
A. achatina (2.7 and 5.2), A. There is more pairwise similarity among the eight populations of A. marginata than other species under study. Figure 4 shows the clustering patterns in the dendrogram based on protein banding pattern data of all the populations sampled. The Jaccard cluster algorithm shows very high genetic variation and very low similarity coefficient of about 5% among the eight populations of A. marginata, and single population of each of A. achatina, A. fulica, A. papyracea and one unidentified species. The cluster also shows four clades with the fourth clade containing only the unidentified snail. Figure 5 shows the dendrogram of the protein banding profile of the eight populations of A. marginata which produces four sub-clusters. The intraspecific coefficient of similarity is very low (5%). This means that there is a very high level of genetic heterogeneity within the various samples of A. marginata. Of note is the inclusion of samples of Sabongida Ora and Okada (AmSOE) and Lokoja in clade 1 while those of Gbongan and Asejire are found in clade 2. The dendrogram comprises essentially two main clades, clades 1 and 2, with 10% coefficient of similarity. The third clade has only one sub-population (Sabongida Ora-AmSOE) while the fourth one contains Ilorin and Ife sub-populations.
DISCUSSION
The analysis of the protein banding patterns of the populations studied, as shown in Table 2 showed that each of the species had unique protein bands. This may indicate that they were genetically separate.
The protein banding patterns of the eight populations of A. marginata also showed six subpopulations of Okada Edo 1, Sabongida Ora Edo 2, Ilorin, Ibadan, Asejire and Lokoja with unique bands which also indicated that each was taxonomically distinct from one another.
However, the other two populations (Gbongan and Ife) had no peculiar bands. This study also revealed that A. marginata population from Ibadan had the highest number of unique bands (three) which may mean that it was the most distinct of all the subpopulations. The presence of common bands (though not shown) among the various species studied and the eight populations of A. marginata may depict an evidence of evolutionary origin of the species studied. It may also suggest that proteins were under the control of the same gene. The diversity of protein bands is indicative of genetic diversity and may be useful in delimitation of A. marginata.
To depict the relationships among the species / populations studied based on their protein banding patterns, the cluster analysis was also employed. This method has also been used by Nisar et al. (2009) . The cluster analysis of the protein-pattern characters indicated that the samples of four species of land snails; Archachatina marginata, Achatina achatina, Achatina fulica, Archachatina papyracea and the unidentified species were separated into four main clades. The first three species earlier mentioned and A. papyracea were monophyletically derived with the unidentified species forming the origin. According to Iloh et al. (1993) and Khalik et al. (2012) genetic similarity is based on the similarity of the proteins represented by the bands therefore low similarity depicts high genetic divergence among the snail species.
The protein bands of A. marginata samples from various locations of study also gave three clades while the basal clade diverge into two sub-clades which may probably imply that the populations contained two sub-species. This was obviously at variance with the finding based on relative mobility of bands which produced six distinct separations of the A. marginata populations in this study. It was obvious that there was a better resolution of the protein pattern characters with the use of the relative mobility of bands. Bakry and El Garly (2011) have also used electrophoretic analysis of tissue protein to determine the relationships between two species of snail, Biomphalaria alexandrina and Bulinus truncates. Although, total protein gel -electrophoresis is relatively accurate in detecting many amino acid differences between proteins encoded by alternative alleles of the same gene, and so is considered a good tool for studying population genetic structure, its distinct limitation is that not all nucleotide substitutions result in changes detectable by the technique (Mahmoud et al., 2010) . In spite of this obvious limitation, the polymorphic nature of the shell of snail species studied, no doubt is congruous with the high diversity shown by their protein profile. Therefore to get a better resolution of Order of phylogeny Similarity the genetic variation among the populations of A. marginata and other species studied, there is a further need to employ the use of DNA sequencing.
In conclusion, there is a very high genetic variation among all the populations of five species of land snails studied and the analysis of eight different populations of Archachatina marginata showed a great potential of delimitation into at least two or more subspecies.
